This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

. TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

. BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
. GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
Internationa] Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
H01F 1709, H02K 1727, C23C 4/04 



Al 



(11) International Publication Number: " WO 97/08716 

(43) International Publication Date: 6 March 1997 (06.03.97) 



(21) International Application Number: PCT/DK9670O358 

(22) International Filing Date: 28 August 1996 (28.08.96) 



(30) Priority Data: 
195 31 8617 



30 August 1995 (30.08.95) 



DE 



(71) Applicant {for all designated States except US): 
A/S [DK/DK]; DK-6430 Nordborg (DK). 



DANFOSS 



(72) Inventors; and 

(75) Inventors/Applicants (for US only): KJELDSTEEN, Per 
[DK/DK]; Kirketoften 7, Svenstrup, DK-6430 Nordborg 
(DK). JEPSEN, Aksel, Baag0 [DK/DK]; Solsikkevej 6, 
DK-6440 Augustenborg (DK). 

(74) Common Representative: DANFOSS A/S; Patent DepL, DK- 
6430 Nordborg (DK). 



(81) Designated States: AM, AT, AU, BG, BR, BY, CA, CH CN 
CZ, DE, DK, EE, ES, FI, GB, GE, HU, IL, IS, JP, KR, KZ, 
LT, LU, LV, MD, MK, MX, NO, NZ, PL, PT, RO, RU, SE, 
SG, SI, SK, TO, UA, US, UZ, VN, Eurasian patent (AM, 
AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent (AT 
BE, CH, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, 
NL,PT,SE). 



Published 

With international search report. 



(54) Titie: METHOD OF PRODUCING MAGNETIC POLES ON A BASE MEMBER, AND ROTOR OF AN ELECTRICAL MACHINE 




(57) Abstract 



A method of producing magnetic poles on a base member (1) is disclosed. It is desirable to be able to improve this method. To that 
end, the permanent magnet material is sprayed onto the base member (1) by a thermal process and is subsequently magnetized. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AM 


Armenia 


AT 


Austria 


AU 


Australia 


BB 


Barbados 


BE 


Belgium 


BP 


Burkina Faso 


BG 


Bulgaria 


Bj 


Benin 


BR 


Brazil 


BY 


Belarus 


CA 


Canada 


CF 


Centra] African Republic 


CG 


Congo 


CH 


Switzerland 


a 


Cote d' I voire 


CM 


Cameroon 


CN 


China 


CS 


Czechoslovakia 


cz 


Czech Republic 


DE 


Germany 


DK 


Denmark 


EE 


Estonia 


ES 


Spain 


FI 


Finland 


FR 


France 


GA 


Gabon 



GB 


United Kingdom 


GE 


Georgia 


GN 


Guinea 


GR 


Greece 


HU 


Hungary 


IE 


Ireland 


IT 


Italy 


JP 


Japan 


KE 


Kenya 


KG 


Kyrgystan 


KP 


Denrocratic People's Republic 




of Korea 


KR 


Republic of Korea 


KZ 


Kazakhstan 


LI 


Liechtenstein 


LK 


Sri Lanka 


LR 


Liberia 


LT 


Lithuania 


LU 


Luxembourg 


LV 


Latvia 


MC 


Monaco 


MD 


Republic of Moldova 


MG 


Madagascar 


ML 


Mali 


MN 


Mongolia 


MR 


Mauritania 



MW 


Malawi 


MX 


Mexico 


NE 


Niger 


NL 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


PT 


Portugal 


RO 


Romania 


RU 


Russian Federation 


SD 


Sudan 


SE 


Sweden 


SG 


Singapore 


SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


sz 


Swaziland 


TO 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TT 


Trinidad and Tobago 


UA 


Ukraine 


UG 


Uganda 


US 


United States of America 


UZ 


Uzbekistan 


VN 


Viet Nam 



WO 97/08716 PCT/DK96/00358 

- 1 - 



Method of producing magnetic poles on a 
base member and rotor of M glecfcrlgaj — hinr 

The invention relates to a method of producing magnetic 
poles on a base member, and furthermore to a rotor of 
an electrical machine which has poles that are formed 
by permanent magnets. 

In the following description a rotor of an electrical 
machine shall serve as an example for explaining the 
invention. The method for producing magnetic poles 
may, however, also be applied in the case of other 
items, for example, in the case of armatures or stators 
of lxnear motors and in the case of other items and 
devices which require permanent magnets. 

in electrical machines, the magnetic poles on the rotor 
are m some cases formed by permanent magnets. Such 
constructions are well known both for synchronous 
machines and for d.c. machines. The magnets are then 
in the form, for example, of arcuate shaped members 
which are mounted on the rotor. Fixing is effected by 
means of adhesive or other mechanical connections. 
Permanent magnets, encapsulated as bars in the rotor 
are an alternative thereto. These are then referred'to 
as embedded (buried) magnets. Magnetization of the 
permanent magnets can be effected before or after 
mounting. At any rate, a series of operations are . 
required to complete the rotor. 

More of a problem, however is the fact that the 
permanent magnets on the rotor are subjected to 
relatively high centrifugal forces, which consequently 
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place great demands on the fixing between the rotor and 
permanent magnets. This fixing is moreover exposed to 
the effect of heat, which is inevitably produced during 
operation of the electrical machine. Many adhesives 
reduce or lose their retentive force at elevated 
temperatures. Up until now the permanent magnets have 
therefore been a weak point of electrical machines. 

The invention is based on the problem of improving the 
production of magnetic poles on a base member. 

That problem is solved in a method of the kind 
mentioned in the introduction in that a permanent 
magnet material is sprayed onto the base member by a 
thermal process and is subsequently magnetized. 

Thermal spray-application produces on the base member a 
layer of the permanent magnet material, which is very 
firmly joined to the base member and additionally has 
inherently a very stable cohesive strength. A high 
mechanical strength is achieved as a result. The base 
member and the magnetic poles hold together in a very 
secure manner. The base member is therefore well able 
to withstand stress. Because the permanent magnet 
layer is applied by spraying, the thickness of this 
layer can be controlled very easily. The thickness of 
the layer determines, inter alia , also the strength of 
the permanent magnets produced subsequently. 

The permanent magnet material is preferably sprayed on 
in the form of a powder. In the case of thermal 
spraying, the individual powder grains are then on the 
one hand bonded to the surface of the base member and 
on the other hand also to each other. This produces a 
very stable bond of the powder on the surface of the 
base member. Moreover, such a powder is easy to 
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handle, so that it is possible to build up a layer with 
relatively little effort. 

Advantageously, the powder has a grain size in the 
range from 0.1 to 200 m , especially from l to 10 m . 
With such a grain size a very stable and cohesive 
structure of the layer of the permanent magnet material 
can be observed. 

NdFeB is preferably used as the permanent magnet 
material. This material has very good magnetic 
properties, for example, a large energy density. The 
use of NdFeB as rotor magnet material is known eer. se. 
Until now, however, it has been used in shell or bar 
form, these shaped bodies being produced by sintering, 
hot-pressing, or by polymer compounds, it has now been 
discovered that this material is excellently suited to 
being sprayed on in powder form if a thermal process is 
used for that purpose, that is, if heat is supplied at 
the same time as spraying takes place. 

The base member is advantageously subjected to a heat 
treatment after the permanent magnet material has been 
sprayed on. During the thermal spraying, a structural 
change of the permanent magnet material may in fact 
take place. This can be critical, for example, when 
the starting powder is crystalline, but after being 
sprayed on has an amorphous structure, if, for 
example, NdFeB is used, the constituents Fe and Nd in 
the starting powder have an intermetallic bond with one 
another which is able to disintegrate after the thermal 
spraying. This structural change may possibly render 
the material no longer directly magnetizable. The heat 
treatment that can be carried out, for example, in the 
case of NdFeB , in a temperature range between 800° and 
900°, to a great extent restores the crystalline 
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structure of the sprayed-on layer. This renders 
subsequent magnetization of the base member possible. 

The heat treatment is preferably effected in a non- 
oxidizing atmosphere, m this manner the sprayed-on 
layer is prevented from oxidizing during the heat 
treatment. 

Advantageously, the thermal process is in the form of 
high-speed spraying or plasma-spraying, with plasma 
spraying, very high temperatures are reached; the 
powder need be subjected to these temperatures only 
very briefly, however. The grains of the powder then 
fuse at their surface. This produces a very good 
cohesive strength of the layer in itself and with the 
base member, without the structure of the permanent 
magnet material used being destroyed any more than 
necessary. Plasma spraying of such materials is known 
from EP o 339 767 A2. That publication also discloses 
how such a method is carried out. 

It is especially advantageous for the plasma spraying 
to be carried out at a temperature in the range from 
5,000° to 15,000«C. Good results were observed at 
these temperatures. 

Advantageously, the surface of the base member is 
roughened prior to the spraying operation. This 
increases the strength of the bond between the sprayed- 
on permanent magnet material and the base member. Once 
the first layer of permanent magnet material has been 
applied to the base member, the surface of the base 
member is in any case rough, so that subsequent layers 
are likewise firmly held. 
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In a very especially preferred construction, provision 
is made for the surface of the permanent magnet 
material to be made smooth after the spraying 
operation, in particular by grinding. After the 
spraying operation, the surface of the base member, or 
more accurately, the surface of the permanent magnet 
material, has a rough surface, which has "valleys" and 
"peaks". There is here probably a danger that during 
magnetization the "molecular magnets" become oriented 
in such a way that their actions virtually cancel each 
other out. in that case only very weak magnetism 
occurs. if, on the other hand, the surface is made 
smooth, all "molecular magnets" are oriented in the 
direction of the magnetic field applied and persist in 
that orientation so that the desired strong 
magnetization is produced. (The term "molecular 
magnets" is here used for reasons of clarity) . 

Preferably, the base member is made of metal, in 
particular soft iron. Besides the well-known good 
magnetic properties of such a material, the use of a 
metal, especially soft iron, has the advantage that the 
sprayed-on layer of permanent magnet material holds 
firmly thereto, because by virtue of the elevated 
temperature it is virtually welded to the base member. 

The base member is advantageously in the form of a 
rotor of an electrical machine. This is one of the 
most important areas of application of the 
manufacturing method. 

The rotor is advantageously turned during the spraying 
operation. On being sprayed, the rotor is therefore 
subjected to a uniformly rotary movement. Even when 
the permanent magnet material is supplied from only one 
position, it is possible in this manner to form a 
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relatively uniform and homogeneous layer, in which the 
permanent magnets are later produced. This layer is 
formed from many partial layers which are, as it were 
wrapped around the rotor. The thickness of the layer' 
can be adjusted relatively easily by changing the 
number of revolutions of the rotor and/or the 
rotational speed of the rotor, in a nutshell, the 
spraying time is changed. After spraying, a layer 
thickness of the order of magnitude of l mm is typical. 

The permanent magnet material is preferably provided 
with a protective layer after being sprayed on. Such a 
protective layer protects the permanent magnet material 
against oxidation, for example. 

The problem is solved in a rotor of an electrical 
machine in that the permanent magnets are formed in a 
sprayed-on layer of permanent magnet material. Such a 
layer holds, as explained above in connection with the 
manufacturing process, very firmly to the rotor and 
also forms in itself a relatively strong and thus 
resistant cohesive bond so that the rotor is able to 
withstand stress relatively well. 

The invention is described hereinafter with reference 
to a preferred embodiment in conjunction with the 
drawings, in which: 

Fig. 1 shows a base member for a rotor, 

Fig. 2 shows the rotor, which is provided with a 

layer of permanent magnet material, 
Fig. 3 shows the rotor in plan view, 
Fig. 4 shows the rotor in longitudinal section, 
Fig. 5 shows an electron micrograph of NdFeB in a 

powder state and 
Fig. 6 shows an electron micrograph of NdFeB after 

it has been sprayed on. 
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Fig. l shows a rotor 1 of an electrical machine in its 
unfinished state. Either the rotor l is in the form of 
a solid body of soft iron or it consists of laminations 
stacked one on top of the other, between which 
insulators are provided in order to avoid the formation 
of eddy currents. The construction of the rotor 1 as a 
base member is not significant for the following 
description, however. The rotor l has a central bore 2 
which later serves to receive a rotor shaft. 

The rotor l has a circumferential surface 3 which has 
been roughened, for example, by sand-blasting or 
grinding, a layer 4 of a permanent magnet material, in 
this case NdFeB , is applied to the circumferential 
surface 3, as can be seen in Fig. 2. This permanent 
magnet material is preferred because of its good 
magnetic properties, in particular its great energy 
density, other materials also can be used, however, 
for example, samarium cobalt, ferrites or rare earths. 

The layer 4 can be provided with a further protective 
layer 5 in order to avoid oxidation. 

The rotor is made as follows. NdFeB powder, which is 
shown on an enlarged scale by an electron micrograph in 
Fig. 5, is applied to the surface 3 of the rotor l by 
plasma spraying. Plasma spraying is known per se and 
belongs to the category of thermal spraying in which 
the powder can be applied at a high temperature to the 
surface 3 of the rotor 1. To carry out the plasma 
spraying, the NdFeB powder is heated in a plasma 
spraying apparatus to a plasma at a temperature in the 
typical range from 5,000° to 15,000°C, whereupon the 
surface of the powder material fuses. The powder is 
then sprayed onto the rotor 1 which rotates steadily 
during the spraying so that the layer is sprayed on 
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uniformly. Fig. 2 shows the rotor l after spraying. 
The NdFeB layer 4 is shown hatched. 

The thickness of the layer 4 can be changed in a simple 
manner by prolonging or shortening the spraying time. 
For example, the rotor 1 can be turned more quickly or 
more slowly or a greater number of revolutions can be 
performed. 

The typical thickness of the layer 4 after spraying is 
about 1 mm. Alternatively, it can vary in a range from 
a few /urn to several mm. 

It has been found that through plasma spraying, with 
the same magnetic output of the rotor less NdFeB 
material needs to be applied than would be the case 
with preformed parts. This is possibly connected with 
the fact that the density of the permanent magnet 
material can now be controlled very much more 
precisely, it is probable too that air gaps between 
the rotor and the layer are avoided. 

The NdFeB powder can have a grain size in the range 
from 0.1 fxra to 200 nm. Preferably, however, a grain 
size in the range from 1 jum to 10 jum is used. 

Because of the high temperature that is used in plasma 
spraying, the individual particles or grains of the 
powder are welded during spraying partly to the surface 
3 of the rotor and partly to other particles. This 
welding produces a very good cohesive strength of the 
powder in itself and of the powder with the surface 3 
of the rotor. As a consequence, the rotor 1 can also 
be exposed to relatively high speeds of rotation, the 
layer 4 being subjected to correspondingly large 
centrifugal forces. 
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During plasma spraying of the NdFeB material, however, 
there is a structural change. The starting material is 
crystalline. After the spraying, however, an amorphous 
structure can be observed. In the starting powder the 
constituents Fe and Nd have an intermetallic bond with 
one another which in many cases disintegrates after the 
plasma spraying. This is recognizable in Fig. 6, for 
example. The result of this change from a crystalline 
structure to an amorphous structure is that the 
material can no longer be directly magnetized, in 
order to recreate the crystalline structure of the 
sprayed-on material, the rotor 1 is exposed to a heat 
treatment with the sprayed-on material at a temperature 
around 800- to 900°C, for example 850°C. By that means 
the crystalline structure of the starting material is 
recreated. Subsequent magnetization of the rotor is 
then possible. 

After the plasma spraying operation, the surface of the 
layer 4 is relatively rough. When such a surface is 
magnetized, in many cases the magnetism produced is 
only weak. This is attributable to the fact that the 
"molecular magnets" are able to orientate themselves in 
such a way that their actions virtually cancel each 
other out. To avoid this effect, the surface of jthe 
layer 4 is made smooth by grinding off a thin layer of 
the order of magnitude of about 0.1 mm, or by 
polishing. 

Both the heating and the smoothing operations are 
effected preferably in an atmosphere that prevents 
oxidation. Otherwise, in particular when using NdFeB, 
the risk of oxide formation is relatively high. 

The protective layer 5 can be applied after the 
smoothing operation. 
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The rotor is then ready for magnetization and can be 
provided with the desired number of poles. For 
example, magnetization of the rotor can be effected 
with a magnetic field strength of 3200 kA/m. 
Alternatively, the magnetic field strength can be 
varied according to need. 

The protective layer 5 can, of course, also be applied 
after magnetization. 

Several advantages can be achieved with the described 
procedure. First of all, a relatively simple 
manufacturing process with few work steps is achieved. 
Secondly, a more robust rotor is produced, since fewer 
parts are present in the rotor and the magnets are very 
reliably mechanically fixed to the base member of the 
rotor. Thirdly, by varying the spraying time and the 
magnetization current, different rotors can be matched 
to the required specifications relatively quickly, that 
is, individual rotors can be tailored to requirements. 
Finally, compared with conventional manufacturing 
processes, a saving on the amount of permanent magnet 
material can be achieved. 

As stated at the outset, the method is not restricted 
to the manufacture of rotors for electrical machines. 
It is possible also, of course, to produce armatures 
and stators of linear motors. Sensors having magnetic 
poles tailored to requirements can be made. Valves or 
other actuating elements with permanent magnets can 
also be manufactured in this manner. 



WO 97/08716 



PCT/DK96/00358 



- 11 - 



Patent Clajjig 



1. A method of producing magnetic poles on a base 
member, characterized in that a permanent magnet 
material is sprayed onto the base member by a thermal 
process and is subsequently magnetized. 

2. A method according to claim 1, characterized in 
that the permanent magnet material is sprayed on in the 
form of a powder. 

3. A method according to claim 2, characterized in 
that the powder has a grain size in the range from o.i 
to 200 nm, especially from 1 to 10 pm. 

4. A method according to one of claims 1 to 3, 
characterized in that NdFeB is used as permanent magnet 
material. 

5. A method according to one of claims 1 to 4, 
characterized in that the base member is subjected to a 
heat treatment after the permanent magnet material has 
been sprayed on. 

6. A method according to claim 5, characterized in 
that the heat treatment is effected in a non-oxidizing 
atmosphere . 

7. A method according to one of claims 1 to 6, 
characterized in that the thermal process is in the 
form of high-speed spraying or plasma-spraying. 

8. A method according to claim 7, characterized in 
that the plasma' spraying is carried out at a 
temperature in the range from 5,000° to 15 / 000°C. 
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9. A method according to one of claims i to 8, 
characterized in that the surface of the base member it 
roughened prior to the spraying operation. 

10. A method according to one of claims 1 to 9, 
characterized in that the surface of the permanent 
magnet material is made smooth after the spraying 
operation, in particular by grinding. 

11. A method according to one of claims 1 to 10, 
characterized in that the base member is made of metal, 
in particular soft iron. 

12. A method according to one of claims 1 to 11, 
characterized in that the base member is in the form of 
a rotor of an electrical machine. 

13. A method according to claim 12, characterized in 
that the rotor is turned during the spraying. 

14. A method according to one of claims l to 13, 
characterized in that after being sprayed on the 
permanent magnet material is provided with a protective 
layer. 

15. Rotor of an electrical machine, which rotor has 
poles that are formed by permanent magnets, 
characterized in that the permanent magnets are formed 
in a sprayed-on layer (4) of permanent magnet material. 
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